Adaptive resistance to nitric oxide in motor neurons.
Nitric oxide (NO) is a free radical produced actively by mammalian cells, including neurons. Low levels of NO can function in intercellular signaling, but high levels are cytotoxic. This cytotoxic potential suggests that cells at risk for NO damage, such as neurons, might have NO resistance mechanisms to prevent cell death, and adaptive resistance to NO-releasing compounds has been reported for some non-neuronal cell types. Here we show that immortalized mouse motor neurons (NSC34 cells) respond to sub-lethal fluxes of pure NO by activating adaptive resistance mechanisms that counteract cytotoxic NO exposure. This adaptive NO resistance is reversible and is paralleled by the induction of the oxidative stress enzyme heme oxygenase 1 (HO-1). An inhibitor of both HO-1 and heme-dependent guanylate cyclase (tin-protoporphyrin IX) greatly sensitized NO-pretreated NSC34 cells to the NO challenge. However, readdition of cyclic GMP (in the form of the 8-bromo derivative) restored rather little resistance, and a more selective guanylate cyclase inhibitor, 1H-[1,2,4]oxadiazolo[4,3-alpha]quinoxaline-1-one (at 10 microM), did not have the sensitizing effect. Therefore, the inducible HO-1 pathway contributes substantially to adaptive NO resistance, while cyclic GMP seems to play at most a small role. A similar adaptive resistance to NO was observed in primary rat spinal chord motor neurons. The activation of NO resistance in motor neurons may counteract age- or disease-related neurodegeneration.